A B S T R A C T Previous studies have shown that chronically thyroparathyroidectomized (TPTX) 
INTRODUCTION
The efficiency of dietary calcium absorption may vary with body requirements for this element. Periods of growth, pregnancy, lactation, and dietary calcium deprivation may enhance intestinal calcium absorption both in man and experimental animals (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Although the mechanism whereby increased body calcium needs stimulate intestinal calcium absorption remains uncertain, it is known that vitamin D is required for this adaptive response to occur (2, 5) .
Vitamin Da (cholecalciferol) is converted by the liver (13) , and probably by kidney and intestinal mucosa (14) , to the major circulating form, 25-hydroxyvitamin D3 (25-OH-Da) 1 (15 (16) (17) (18) . Based on recent studies concerned witlh thle biologic activity of 1,25-(OH)2-D3 and the time course of its formation and localization in target organs, it seems likely that this dihydroxylated metabolite is indeed the major endogenously pro-(luce(l tisstue-active fortim of the l)arent vitamin il initact animiials fe(d low calcium or low phosphor-us diets. Furthermore, it is probable that 1,25-(OH)2-D3 produces the vitamin D-dependent enhancement of intestinal calcium absorption under these conditions (19) (20) (21) (22) (23) (24) (25) .
Under conditions of dietary calcium restriction the kidney of intact rats predominantly converts 25-OH-D3 to 1,25-(OH)2-D3. On the other hand, after prolonged feeding of a hiiglh calcium diet, the major metabolite of 25-OH-D3 produced by the kidney beconmes 24,25-dihydroxyvitamin D3 [24, 25 -(OH)2-D3] (26, 27) . In accord with these changes in mietabolite patterns, dietary calcium deprivation in chicks results in increased activity of 25-OH-D3-1-hydroxylase in kidney homogenates, whereas a period of high calcium intake diminishes the 25-OH-D3-1-hydroxylase activity and 24,25-(OH)2-D3 is preferentially synthesized in vitro (28) . Although the physiologic role of 24,25-(OH) 2-D3 is still unclear, recent reports have suggested that under certain circunmstances it miiay be converted to a more polar trihydroxylated form (e.g., 1,24,25-trihydroxyvitamin D3 [1, 24, 25 -(OH)3-D3]), which is capable of enhancing intestinal calciumii transport (29, 30) .
The formation of 1,25-(OH)2-D3 from its immediate precursor, 25-OH-D., is closely regulated, but the precise mechanism underlying this regulation is not fully understood. Parathyroid hormone (PTH) secreted in response to serum calcium levels, has been proposed as the tropic factor in the modulation of 1,25-(OH)2-D3 synthesis, and lhenice the factor responsible for adaptation of intestinal calcium transport to variations in dietary calcium intake (31) (32) (33) . As will be discussed below, however, this view is not universally held (34) (35) (36) (37) (38) .
Intestinal calciumn transport stutdies. On. the 21st day of the test diet and after an overnight fast, the animals in each group were stunned by concussion and exsanguinated. Blood was collected in heparinized tubes for subsequent determinations of plasma calcium and magnesium by atomic absorption spectrometry and of inorganic phosphorus by the method of Fiske and SubbaRow (39) . Unidirectional transmural fluxes of calcium across the proximal duodenum were measured in vitro under short-circuited conditions using the apparatus of Ussing and Zerahn (40) with modifications that we have previously described (6, 41) . A phosphate-free, bicarbonate-buffered Krebs-Ringer solution (pH 7.4) with a calcium concentration of 0.5 mM was used (42) . Steady-state fluxes were calculated as previously described (41) and net fluxes were determined from unidirectional calcium fluxes measured on paired tissues from the same animal with Jnet = Jms-Jsm, where Jnet is net flux and Jms and J.. are the unidirectional transmural fluxes, mucosal to serosal and serosal to mucosal respectively.
The transmural potential difference (PD) was measured initially and after 50 min of incubation, and was otherwise nulled using the method of compensating for fluid resistance described by Field, Fromm, and McColl (43) . The electrical parameters reported are from time intervals when transmural calcium fluxes were at steady state.
Extraction of radioactizity. At the time of sacrifice of the sham and TPTX animals fed [3H]25-OH-D3, blood was collected and the proximal 3 cm of duodenum was removed for transport studies as described above. The remaining small intestine was removed, everted over glass rods, and rinsed in ice-cold isotonic saline. The mucosa was separated from underlying coats by scraping on a chilled glass plate with a glass microscope slide. Kidneys were removed, rinsed in ice-cold isotonic saline, and frozen on a Dry Ice-acetone bath. Those tissues not subjected to immediate extraction were stored at -20°C in an atmosphere of nitrogen.
The tissues and plasma were pooled within each group of animals (sham, + 25-OH-D3 vs. TPTX, +25-OH-Ds).
Homogenates of intestinal mucosa (10%) and kidney (15%o) were prepared in glass-distilled water using a Waring Blendor (Waring Products Div., Dynamics Corp. of America, New Hartford, Conn.) at medium speed for 30 s. Portions of the homogenates and plasma were analyzed for total tritium content after digestion in a NCS Nuclear-Chicago tissue solubilizer (Amersham/Searle Corp., Arlington Heights, Ill.). Determinations of protein and DNA content were performed by previously described methods (44) (45) (46) . Homogenates were subjected to lipid extraction by the method of Bligh and Dyer (47) as modified by Lund and DeLuca (48 (39) .
Statistical analysis. Blood chemistries, electrical parameters, and Jm. and J.m were analyzed for intergroup differences using one way analyses of variance (52) . When the analysis of variance indicated a difference between groups, Student's t test was used to determine the probability level of the differences. Paired t tests were employed to evaluate the differences between Jms and Jsm within groups.
RESULTS
Plasma chemistries. Table I In the studies of the effects of chronic dietary cal- The severalfold greater localization of radioactivity in the tissues of the TPTX group can largely be accounted for in plasma and kidney by the greater accumulation of 25-OH-D3 and 24,25-(OH)2-D3; whereas in the intestine, these compounds together with the more polar metabolites in the methanol strip material may contribute to the higher level (Table II) Recently! Galante and co-workers (34-37) have taken issue with the concept that changes in PTH and/or CT secretion can provide the explanation for changes in vitamin D metabolism and calcium transport seen in response to alterations in serum calcium levels and in response to variations in dietary calcium intake. Thus, they have denmonstrated that the repeated administration of parathyroid extract to intact vitamin D-deficient rats on a high calcium intake may actually decrease the production of 1,25-(OH)2-D3 from 25-OH-D3 (34) , whereas repeated large doses of CT may enhance 1,25-(OH) 2-D3 production by the kidney (35) . In interpreting these studies perfor-med on intact animals, it must be remembered that the nature of the effects of PTH and of CT on 25-OH-D3 metabolism may be dose dependent (38) , and also that compensatory adjustments in endogenous hormone secretion may modify the results obtained in intact animals. These workers also found that removal of the parathyroid and ultimobranchial glands from vitamin Ddeficient chicks on an adequate calcium intake does not affect the enhlaniced 25-OH-D--1-lhvdroxylase ac- 2 Walling, M. WV., M. J. Favus , and( D. V. Kimberg. Manuscril)t in preparationl. tivity present in the kidneys (36) . In addition, Tanaka and DeLuca (54) 18 days after TPTX, and the present studies were undertaken 21 days after TPTX, whereas the other studies referred to above were performed 72 h after TPTX (31) . 2 The present relatively long-term studies confirm earlier observations (5) and indicate that adaptation of active calcium absorption to a low calcium intake can occur similarly in both sham-operated and TPTX animals (Table I) . These studies further demonstrate that chronic TPTX wTith thyroid replacement does indeed lead to alterations in the metabolism of 25-OH-D3 (Table II) . The tissue-specific radioactivity in plasma, intestinal mucosa, and kidney is higher in the TPTX animals, and it is unlikely that this increment is solely caused by the somewhat different dose-animal weight relationships between the twvo groups. The results presented in Table II (Table I) . There is still uncertainty with respect to the nature of the effects of PTH and CT on renal 25-OH-D3-1-hydroxylase activity in the acute experimental setting (31- (Table II) , but the present studies and others (36, 37, 54) (32, 56) , it seems quite likely that the mitochondrial calcium ion activity may indeed play an important role in modulating the activity of this key Mg-dependent enzyme (34, 36, 37, 56) . The precise role, if any, of the calcium ion activity in the renal cell mitochondrion in accounting for the continued activity of 25-OH-D3-1-hydroxylase in the chronically TPTX animals maintained on an LCD remains to be established. In addition to confirming the observation that chronically TPTX rats can adapt intestinal calcium absorption to help meet the stresses of dietary calcium deprivation even though plasma phosphorus levels are elevated, the present studies also provide some insights into the basis for this adaptive response. Furthermore, these studies emphasize the fact that results obtained in the acute experimental situation should only be extrapolated to the more chronic setting with great caution. Finally, these studies suggest that the factors regulating the synthesis of 1,25-(OH)2-D3 and possibly 1,24,25-(OH)3-Da may be more complex than previously appreciated.
